A comprehensive account of the physical foundations of collision and impact phenomena and their applications in a multitude of engineering disciplines.
Preface
Collision phenomena can be ordinary like a rain drop impacting onto a window, a leaf or a puddle, or extraordinary such as a meteorite or a bolide collision with Earth. Some are frequently encountered in science and everyday life, others are extremely rare. Being very different at first sight, collision phenomena in liquids and solids share many underlying common features. The subject of the present book is highly cross-disciplinary with a very wide scope of applications in mind, and such a collection of topics in one book does not yet exist, as to our knowledge. One of the main motivations for providing such a collection of topics is to underline the commonality among the various occurrences of collision phenomena, which lead to similar physical and technological ideas and modeling approaches. An improved in-depth understanding of the phenomena can be expected after recognizing the common underlying physics involved. A second motivation is that the knowledge presently available on the subject is extremely widely scattered, mainly according to applications, and in a large number of different journals. For example, collisions in the solid mechanics context are considered as a totally different subject than impacts in the fluid mechanical context, whereas in reality inevitable geometric similarities dictate inevitable kinematic similarities, and in some cases similar rheological behavior, which greatly unifies these two fields to the extent still unrecognized by the majority of practitioners. This obscures the true state of the art, with the associated danger that research may be unintentionally and unnecessarily duplicated or some novel developments delayed.
A further motivation can be found in the rapid progress made over the last decade in this field, partly attributed to the much improved means for visualization of collision phenomena with high-speed cameras. In this respect the proposed book is timely. There is sufficient material to justify a concise and coherent collection of recent advances, which may also help initiate further research in a complementary manner.
Our personal research experience covers and spans practically all the topics covered in the book, which is a monograph significantly based on our own results published in peer-reviewed journals over the last 20 years.
As the title suggests, we are dealing with collision phenomena in different combinations: individual jet or drop impacts onto solids, individual drop impacts onto liquid layers, spray-related impacts, solid-liquid collisions and solid-solid collisions. Accordingly, the book has been organized into five respective Parts I to V with the first additional introductory Chapter 1 devoted to the fundamental topics of hydrodynamics and xii Preface solid mechanics, like the basic physical phenomena, the conservation equations, the governing dimensionless groups, rheological constitutive equations, asymptotical simplified approaches and a discussion of typical instabilities encountered in the field. While the introductory section on fundamentals does not present in-depth derivations, as these can be found in standard textbooks, the remaining sections do include derivations to a degree that a qualified person can reproduce them and learn the underlying mathematical approaches and physical principles. In this sense the book goes far beyond just being a review of the field, but should put the reader in a position to solve new problems on his/her own. In the second additional introductory Chapter 2 several basic flows are discussed in detail to ascertain flow patterns and forces relevant in the context of collision phenomena. The liquid-solid impacts (covered in Chapters 3, 4 and 5 in Part I) and liquid-liquid impacts (covered in Chapter 6 in Part II) discuss the problems associated with jet and drop collisions with dry or wetted solid substrates or the free surfaces of deep pools. The subsequent Chapters 7, 8 and 9 in Part III address collision phenomena involving liquid sprays. The description of sprays demands rather specific statistical methods. In this part we have therefore also included an introduction to drop and spray diagnostics, again, because our description of drop and spray collision phenomena is governed in many ways by our means of measurement and validation. As a quotation from Lord Kelvin goes: "When you cannot measure, your knowledge is meagre and unsatisfactory."
In Part IV (Chapters 10 and 11) the collisions of solid bodies with liquid are considered, where the body deformations are negligibly small and the hydrodynamics of the flow generated by body collision dominates the problem. Finally, in Part V (Chapters 12, 13 and 14) the collisions of solid bodies leading to significant deformation or erosion are in focus. In high-speed solid-solid collisions deformation of solid bodies resembles that in liquid-liquid impacts due to the geometric similarities, and hydrodynamic-like models for the former are close to the hydrodynamic models for the latter, which links these seemingly unrelated phenomena and is fruitful for their understanding and description.
To a large part the numerous application fields of collision phenomena in liquids and solids have been reduced to generic problems in this book, whose approaches and solutions offer a higher degree of universality. However, also some very specific applications have been discussed to illustrate the use of such generic approaches and techniques to real-world problems. An introduction to each chapter is used to acquaint the reader with the scope of problems addressed in that chapter and their applications. Each chapter in the book can be read stand-alone after a reader has familiarized himself/herself with the introductory Chapters 1 and 2 devoted to the underlying fundamental ideas of fluid and solid mechanics. The book incorporates a wide range of relevant references to existing literature at the end of each chapter. Still the treatment of all the topics considered in the book is sufficiently self-contained, detailed and covered in-depth.
This book is directed toward senior year undergraduate students, graduate students, researchers, engineers and practitioners in industry. It is expected that the reader would have been exposed to the fundamentals of fluid mechanics and some basic facts of solid mechanics, which are briefly reviewed in the introductory Chapters 1 and 2 and are important to the central topics of the book: drops, jets, sprays and solid collision
